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Abstract

Compoaites of alumina-I1ovY 73 si1li1con carbide whilcsker: wers:
gintered to 7% o+ thearatilsal dencity using both Z.45% arnd
a0 GH: microwave radiatior. Further densidication was
inhibi=ed By formation of 3 constrained rnetworl of
whisber=z., Aslumina-1"v"7a =s1l1con carhide platelet compezites
were zintered to 4% of trheoretical densits wilh 2.4% SH:
microwave~ in l=sa than 20 minubtes,



Introduction

Picrnwave procecssing 15 a (Ul tatile technigue fur a w1 de
»amge of ceramlc materialz. 4mong the ceramics which ~an bo
success=+ully heated and sintered using Mmorawaves are,
alumina, zi1rzonia. boron carbide and alumina-=ilicon carhbide
compos.tes. Deveral advantaqes over conventiornal heetinag
tachninques are realized hecavse energy 1€ coupled directly
to the coramic bed - . Firzt., si1ince Fkzating 3 volumet-1c
instead of by conduciicon from the swrface b the 1ntorio-. a
ma:r & unifcorm microctructure  and concequently, better
mectianical properties result. Thermal stresses upon heat-up
are also minimized because of the homogeneous nature of
valumetric heating. Minimization ¢f heat-uvp strerzes will
ul t:mately ¢llow  vhe tYz=hrication of more compler partz and
2hapes than are  ponsihle by zonventional prrocossing.
Additiomally, proce=zsing times are much shorter and energy
costs lower. The laongest processing time +or any 2f the
zamp'ee reported 1n this paper was 20 minutes. To date
My crowave sintering studies to produce 997 dense boron
carbide have rewulted 10 an 18%  enerny wav) MgeE over
corventional 1nduction heated hot-fpressi1ng.

Hoating recult e from thoe eneroys dirasipated by a Teranig
Plaered 1n w o micr2waver field, The power  dicerpatod by A
drclectric 1 an 2lectric field 1 g1 .on by the Aol iowng
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where P 1= the power dissipation, f t¢ the {irequency, € =
the dielectric permittivity, E 1s the electric +1iela
strength and tan 8 is the lrs=s  tangent. It i3 r=ad1l.
apparent from this =2quation, that in order for significart
heating to occur the ceramic muzt have an appreciable los:

tangent and dielectric permittivity.

Experimental
Sumitomo  alumina. grade <QEF-30%, wan  used tor he
matri: material. The manufacturer gquctes a meEan particle

si1ze of 0.2 micronsg and a3 B.E.T. specific surface area of 1!

m=/gm. Vapor-solid tvpe silicon carbide whisiers
manufactured by. Huber == were used for the whisler
reinforcement material. The manufacturer specifres the

material tc be beta e1licom carbide with a  diameler <o
0, 3-1 microns and a length of S-9) microns. The platelets
used 1n this study were obtainea from American Matri+*. The
platelets are alpha silicon carbide, 10-10,000 micrans in
di ameter and 1-10 micronz thick.

The alumina-whisker miture was placed 1n & Bel-prt*~*
Micra-Mill and blended for two minutes, The platelets and
alumina were mized for orne hour 1n a alass baffle jar on o
relling mitl. Theze& micing  procedures were fol leweo Loy
wnlailtael presgeing wwithout bindere  or ointlertng < Jdet’ Vo
 RWINTHIN

e ati) Lhen b rlsoutb)s preseing b N

®hemy teny Chemacoa)l Tonpany, Lede, Ouabas Japoan.
“*J.roakher Inc. . Lorge-. 1Y

emerae an Matrrs Ines o broswrl e, TH.

**Heicvet Frodocts, Feguaonnoct o LT,



These blending aAand pressing fFprocedures resalta2d in 1 cm

diameter X 1 cm high pellets of approximately S5% green

density tor the alumina-whisker composite asnd approximatel
oG green density for the alumina-platelet comcosi1toa,
2.45 GHz mircrowave prucessing was perftormed 1n-house at
Los Alamos Nationel Laboratory. The LAML fa3cil.ty, shaown 1n
Fig. 1. concicte of a & kilowatt microwave cower zupply., a &
tt 4 T ft K I +t resonant zavitvy sguippre with a rotating
zpecimen Lable =ond a two—color 1nfrared s rcometesr. OH06 GH2
microwave processing waz performed at Verianm ~zscc1ates in
Nalo Alto, CA. The &0 GHz esperimental setup 15 shown 1n
Fig. 2. This zetup consists of a hiagh voltage power sunply
fwhich 15 not visible <=since 1t iz under the floor). A
ayrotron tubhe which (¢ encesed 1n the blue stawl-trad-! . raed
Lo, a flow-throauqhh resctior  chember  znd 2 twoeeoelore
infrared pyrometer. A wave quide entends from the gyrotron
to the platform on the mezzanine level where the reaction
chamber amd twn color 1nfrared pyvrometer are =etup. The
reaction chamber 18 shown in Fig. . Alen s1zible 1n this
photoaraph 12 an aluminy  foam zample holder ontaining toao
areen sample«s,
ALY epecicene were heated {tron room Hamper otare too Ehie
frock temporature, Qron achievaing the powar femper cburs . power
was  ehut-of4 and  the cample ol loweg to cool ta poon

temperaturoe,



Results and Discussion

Figure 4 1s a plot of percent tneoretical density
versec peak sintering temperature +ov the alumima-luvy/ o
silicon carbide whishter compositecs proce~zed uzi1ng 2.4% GHz
microwave radilation. The density appears to be 1ndeperdent
of temperature between [S00 and 1840=C, ,arving between &8
and 72% in a random manner.

Independence of densit, with sinter:ng tomperature over
zuch & large range ic <ertainly upusaz!, bul can by readily
auplained by estamination of the microstructura. 8 typical as
sintered micrcstructurs 135 =shown  1n Si1g. 9. Examination of
this photomicrograph reveals that cracl=-lite voids have
aperned up as a receult of densificaticn. The cesume or o ack
farmation appears to be shrinbage of the alumina matr i awa-
from a constraining whizter networl guwrsing densilfic:stion.
Since there are only 10¥/0 whiskers 1n the rcomposite the
observation of sinterirg irnhibition due to +formaticn of a
constraining networlk 1§ unexpected.

Based on the worl of Onodat, a zonstraining networl of
trert particles 1€ vewatlly  thought to cozur 3nly attor the
Inert particles occupy 20%. 0 . mewa Tf the aresn compact,
Focently Lanae® hae propoeed & coneteaaned nehworlt model for
prodicting the dencr frcatiorn behoearor of conpesite, He has
cuguested, based on percolation theor., that anuek emz]ler
volumse fpractiong  of an  1hert phasze  coul:dl form many whart

rantipoous pethe which coald act o e conatr eannd et noed,



Figure & 1 a&a piot of perceent theoretical densi by
vercus peak sintering temperature for alumina—-10v/n si1licon
carbide whiskers oroceszed under &0 GHz microwave radlation.
Because of limited acces=s to the high frequency apparatus,
only a limited number 2f =specimsEsns wer2 -un. For these
samples the sintering temperature ranged from 1240 to

1620°C,. Between 1450 and 1520, the dencsitw variad from &8

to 70%, which i zimilar to the -z2surlts achievsed for samples
processed using T.4% GH-  microwsnes. So, tor =imilar

eintering temperatures both .45 and s GHz nicrowave
radiation resulted in similar d=n=itias, Meek et al.® in an
earlier study of &0 GH: microwave =sinterinc of HBumisomo
alumina-10v/o Arce® si1licon carto:de whiskers reported a
deensity of  77% 170 the sintering temperatures of 1450°C and
1740=C. This density is zomewhzst higher than the densities
reported here, and iz thought to result from the use of
different silicon carbide whiskers with a csmaller aspect
ratio. Tiege and Becher® have oreviously shown that whisker
aspect ratio can have a larqge effect on composite
gensification. These workers have 3lzo reported a density of
1% for the conwventional praszurelcess sintering of
Bailbkowskl®* aluwnina=-10vra  Arco zilicon carbide whishbere at
a temper-ature between 1700 and 1300eC, The ditference in
dengity reported by Meel et «1.® and Ti1eqge and kecher? 13
prohably due tae Mifferonces 1 qreen compacticor  and
aluminas.

*Arco Cheh1ca1 e Gfemr. &0,
refaivowst s Int ]l Corp.. Charlatte, MG,



AE might be & p=acted from the density resualts, the
microstructure=z ot samples sintered wuweina elrther microwava
frequency are very =simllar, Fiqure % 13 a side-by-side
comparison ot a sample processed at 2.45 GHz and one
processed at &0 GHz. The microstructures becth e:xhibit void-
like cracking arnd whizker clumps which are artifacts of the
dry blending process. Whisker clumps such as these can be
expected to recult in poor mechanical properties. Clearly., =
more sophisticatad tlending procedure 1 recessary  to
produce  ceramic cocrooeElites zuitable far enqirneering
appliceations. In zpite of these =scattered clumps the
whislers are athervise randomly and uniformly distributed
within the alumina matrix as shown in Fig. 8. It should also
be pointed Lt that the developmern! af cracks upon
densificaticn Iin  no way appears to be related to the
whisker clumpe.

Figure 29 15 a plot of percent theoretical density
versus peak sinterinqg temperature for alumina-17v/o silicon
carbide platelets. For sintering temperatures i1n the range
of 1620 to 1&650=C, densities of 94% are typical. Figure |u
it a photomicrooraph of a 94% dencse alumina !Jv/o silicon
caraide platelet coarposate. The platelets appear to ke
uniformly dir=stributed with the esception of a few
agalomerztes. A tvpical  agalomerate ie  shown  at  higher
magnification in Fia. 1l. A white phase, which haz not vet

heen 1dertr1fied, 12 associated with the agalomerates,



It 15 1nteresting to consider these resdits in termz oo
a constraininag netwaork model. For both the whisker and
plat=2let composites 1O¥ /o of the re=inforzement phaze wa:s
added toc the =ame matri:. A zonctrained networ: resulted for
the whisker composite but not for the platelet compoesite.

These resu'te clearly

1

how that the acepect ratio of “he
inert phase nas a very large effect on the formation or 3

constrainsd networdt im a comprosite.

Conclusions

For aitumina-|loveo silicon carbide whister comaosites
bhoth 2.45 and &0 GHr microwave prrocessing vielded similar
densitiez at similar sinteryng temperature=z. A limiting
density of  about 70U receulted due +to the formation of &
constrained wnislber networl whicn caused void-like cracko =2
open upon densification of the matrix phase. The =zamne type
of void-like craclking has beer reported by Large® +cr the
conventional pressurelese sintering of a zimilar composite.
The overriding factor in the dencification of tniz composite

is not the method of heating, whether it be convertional or

microwave, but the formation of a constraining retworl:.

Alumina-taovY o =z1lican carbide platelets have bhean
sintered to T4 of thooret:cel Adernsit s weing  L.4%5 Mz
microwayec, Sintering was  partsormed withoot e vime ot
fintering a1des or hinters and tn under 20 mitutes.

I+ has besn showrn theat clumima-10v.o <1l ey car b e

compeertes ¢an he reedily heated amd csintered w10 T.e% THE

micrawaves 10 minates. The problems encountered 1m derisifinn



alumina—-1t0vY/c si1llicon carbide whizler compositze are
tvpical of that system ard not characteristic of microwave

proces:zing.
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PERCENT THEORETICAL DENSITY

ALUMINA—107% HUBER WHISKERS

60 GHz
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PERCENT THEORETICAL OENSITY

ALUMINA—107% AMERICAN MATR!X PLATELETS

2.435 GHz
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